Introduction. Some authors consider the influence of T-helper subpopulations and other immune cells to be the basic mechanisms of the thyroid hormone (TH) action along with direct stimulation of cancerogenesis [1] . Thyroxine regulates the functioning of tyrosine protein and plays a significant role in apoptosis [2] . Thus, the functional state of the thyroid gland is an important predictor of clinical outcome of tumors.
There has been recently detected a possibility of the gene expression inhibition based on the creation of double-stranded RNA (dsRNA) molecules. Using these dsRNA enables target exclusion of individual genes without violation of the formation of neighboring genes' proteins; this method being more effective and fast than any other. This phenomenon is called RNA interferention; the dsRNA-sequence that contributes to it is called siRNA (short interfering RNA).
siRNA does not prevent gene readouts but includes the typical cell mechanism blocking the transcription of gene mRNA and prevents the formation of a corresponding protein (post-transcriptional gene signalling).
Nonspecific siRNA binding with genes is an important issue for researchers and clinicians who use them for gene expression inhibition. However, no proper attention has been paid to the application of tumor growth epigenetic modifications with thyroid dysfunction in experimental models of low-differentiated tumors [3] [4] [5] .
The SOCS family proteins form a]part of the classical negative feedback system that regulates cytokine signal transduction. SOCS1 is involved in negative regulation of cytokines that signal through the JAK/ STAT3 pathway. Through binding to JAKs, SOCS1 inhibits their kinase activity and suppresses the Tec protein-tyrosine activity in vitro. There are known some siRNA modulating the SOCS1 gene expression, e. g. hsa-miR-411, hsa-miR-142-5p, hsa-miR-30c, hsa-miR-379*, hsa-miR-331-3p, hsa-miR-548v, hsa-miR-30d, hsa-miR-221, however their effects on the dynamics of tumor growth in the conditions of disorders of thyroid gland functions have been never investigated.
The aim of the study was to assess an impact of siRNA transfection on the tumor development under experimental pathology of the thyroid gland.
Materials and methods. Experiments were conducted on 32 white female laboratory rats weighing 180 ± ± 20 g, which were kept on a vivarium standard diet. Guerin's carcinoma (0.5 ml suspension of tumor cells -(5-6) ×10 6 cells/ml) was transplanted to the animals of I group (n = 12) by subcutaneous injection in the back between the shoulders. These cells were obtained from donor rats (tumor strain was provided by R. E. Kavetsky Institute of Experimental Pathology, Oncology and Radiobiology, NAS of Ukraine). To the animals of II group (n = 12) the tumor cells were administered along with siRNA transfection according to the same method [6] .
Each group was divided into two subgroups (A and B) depending on the functional state of thyroid gland. The hypothyroid state (subgroups IA and IIA) was simulated by blocking the thyroid hormones secretion by mercazolil that was administered one time per day at a dose of 5 mg per 100 g body weight intragastric within two weeks. The hyperthyroid condition (subgroups IB and IIB) was modeled by the L-thyroxine intragastric administration 1 time per day at a dose of 50 mg per 100 g body weight for two weeks. There was also assessed the dynamics of tumor growth amongst the animals (III or control group, n = 8) receiving siRNA without changing the functional state of thyroid gland.
To obtain the tumor suspension we preliminary selected some cells of the tumor by its incubation with collagenase (with concentration 1 µl/ml) for 1 h at 37 o C. Afterwards, an additional splitting of the tumor cells was done with the automated system for mechanical tissue disaggregation «BD Medimachine» (Germany). The tumor cells were filtered with a syringe through the cap Steri-Dual (3 M «Health Care» (Germany)). Next, the cells were counted in the Goryaev's chamber. Then RPMI 1640 medium was added up to the concentration of (5-6) ×10 6 cells/ml. 0.5 ml of the received tumor suspension was administered subcutaneously to the rats of the Group IA and IIB.
The transfection mixture was prepared separately. 100 µl DMEM medium with high glucose concentration was added to a sterile tube with 4 µl of transfection reagent Turbofect R-0537 («Fermentas», Lithuania) and then the diluted transfection reagent was kept at room temperature for 10-20 min. The diluted transfection reagent was added with 1 µl siRNA («Dharmacon», USA, P-011511-07-0005 siRNA, human SOCS1). Then they were gently stirred with a pipette, and incubated at room temperature for 10-20 min to form transfection complexes. The obtained mixture was diluted with 500 µl of culture medium RPMI 1640. Then the culture medium was aspirated from the tumor cells and immediately replaced with a mixture of the diluted reagent of transfection.
In 20-30 min the rats of Group IIA and IIB were inoculated with the tumor cells with siRNA.
Within 21 days the development of the tumors in the experimental rats was observed. Then animals were decapitated under a mild chloroform anesthesia. The specimens were stained with hematoxylin and eosin and analyzed with optical microscope Leica DM750 (Germany) with photo-video output, camera (5 M pixels).
We carried out immunohistochemical studies of proliferation marker Ki-67. Proliferation index was calculated as the proportion of positively stained nuclei of tumor cells within the proliferative compartment in 5 randomly selected fields of view (> 500 cells) [7, 8] .
Statistical analysis was performed using the software Statistica 6.15 («StatSoft Inc.», USA) [9] .
Results and discussion. The siRNA transfection which is the specific inhibition of endogenous genes significantly affected the tumor growth dynamics (Table) .
It could be concluded that siRNA transfection reduced tumor growth in hypothyroid rats by 25.5 %, while the tumor growth in hyperthyroid status decreased only by 3.5 %. This makes possible to assume the thyroid hormone ability to block siRNA inhibitory effect.
During the histological examination of tumors derived from experimental animals with simulated hypothyroid state it was found that the tumor areas consisted of polymorphic cells with the signs of glandular epithelium, large hyperchromatic nucleus, coarse chromatin, homogenous eosinophilic cytoplasm and clear outlines. A shape of nuclei was uneven with indrawings. Tumor cells were located separately, their nuclei were displaced to the periphery. Large areas of destroyed cells with nuclei lysis were observed among the tumor tissue, as well as the fragments of dead cells, dramatically dystrophic granulocytes. Necrosis occupied approximately 1/3 of the investigated tumor area. Eosinophils dominated over granulocytes. Outgrowth contacts with the formation of lace like structures between the tumor cells were found in the areas with a more compact arrangement of tumor cells. These cells had an amphiphilic cytoplasm, their borders were uneven. A large number of capillaries with flattened endothelium were observed among the tumor tissue. Necrosis of tumor cells was observed in nonvascular and pericapillary space.
After the siRNA transfection in tumor tissue of hypothyroid rats, destroyed cells with nuclei lysis, cellshading, fibrin strands and mixed dystrophic granulocytes were frequently found among the fragments of dead cells. Necrosis of tumor cells also was observed in non-vascular and pericapillary space (Fig. 1, see inset) .
On the other hand, somewhat different picture was observed in the hyperthyroid state. In a histological section of the encapsulated tumor site which consisted of large polymorphic cells with signs of glandular epithelium and large hyperchromatic nucleus there were different variants of the nuclei location: from central to fully displaced to the periphery. The nuclei had a coarse chromatin with the presence of 1-3 large nucleoli. The shape of most nuclei was smooth, concave-oval. The cells contained homogeneous amphiphilic cytoplasm with clear boundaries. The tumor cells were placed separately at greater area, they had a nucleus shifted to the periphery. There were observed the outgrowth contacts with the formation of lace like and perivasculary palisade like structures between the tumor cells. Among the tumor tissue there were also found small line areas of destroyed tumor cells with nuclei lysis, the fragments of necrotic cells mixed with sharply dystrophic granulocytes and the fragments of necrotic granulocytes. The necrosis fields occupied about 1/5 of all the investigated tumor area. At the level of tumor cells with necrosis there were a small number of isolated convex-oval tumor cells with the eccentric rounded nucleus and eosinophilic cytoplasm. There were large number of capillaries with flattened endothelium.
After application of siRNA transfection of animal's tumor at hyperthyroidism we observed slightly different histological figure (Fig. 2, see inset) . There were dominated the areas with relatively compact arrangement of tumor cells with outgrowth contacts and the formation of lace like structures. The cytoplasm of tumor cells was amphiphilic. The boundaries of cells were uneven and with outgrowing. Parts of the nuclei had a rough form with indrawings. Other areas consisted of separately located polymorphic cells with a large hyperchromic nucleus. Nucleus was shifted to the periphery. It was defined a coarse chromatin and a homogeneous eosinophilic cytoplasm with clear bounds. There were also observed the fields of destroyed cells with nuclei lysis, falling out of fibrin strands and admixture of dramatically dystrophic granulocytes among the fragments of dead cells. Besides, there were the following changes: the compact areas of tumor cells changed to more isolated and then to necrosis. A large number of capillaries were Note. *The difference with the control group is statistically significant (P < 0.05).
Dynamics of tumor growth (cm3) in the experimental groups (M ± m)
Figures The index of tumor cells proliferation in femalerats with simulated hypothyroidism in the group IA was 14.4 %, whereas in the group IIA it was only 5.6 %. The proliferation index has not changed after siRNA transfection introduction in the model of experimental hyperthyroidism: in the IB group it was 10.3 %, and in IIB -9.6 % (p > 0.05).
While studying oncogenesis much attention has been recently paid to the signal transducer and activator of transcription 3 (STAT3). STAT3 is classified as a proto-oncogene because its activated form can mediate oncogenic transformation in cells culture and induce the formation of tumors [10] . Several studies have shown that STAT3 is activated in many cancers, such as leukemia, gliomas, cancer of the head and neck, melanoma, breast cancer, prostate cancer, cervical cancer, endometrial cancer [11] . Tyrosine kinases Jak2, onkoprotein Src and vascular endothelial growth factor (VEGF) are potential activators of STAT3. Abnormally activated STAT3 activates a number of genes which manage the behavior of tumor cells (survival ability, growth, angiogenesis, invasion and resistance to immune oversight).
The suppressor of cytokine signaling (SOCS1) is one of the genes which can reduce the tyrosine kinase activity and block Jak2 leading to the inhibition of STAT3 phosphorylation [12] . Activation of SOCS1 is influenced by cytokines. This gene inhibits hormonal signals and suppresses cytokine signals acting via the intracellular negative feedback reducing the activity of tyrosine kinase Jak connected with the receptor [12] .
There is information that siRNA also can inhibit proliferation and increase apoptosis as a result of interruption of STAT3 phosphorylation through reducing regulatory Jak2 activation [13] . siRNA also suppresses the expression of VEGF, which regulates angiogenesis, and the tumor immune response in cancer. As a result of this interaction, the tumor cell proliferation decreases, apoptosis and expression of both mature and immature markers of dendritic cells (HLA-DR, CD80, CD86, CD40, CD1a, CD83) increase [14] .
Thus, the results obtained strongly prove that the tumor inhibition effect of small interfering RNA takes place to a greater extent at hypothyroid state than at hyperthyroidism. This phenomenon indicates an important role of thyroid hormones in the regulation of the genes expression, which controls the cell cycle. According to the literature data [15] , we can make an assumption that thyroxine activates the proliferation of tumor cells more than their apoptosis. The prevalence of necrobiotic processes and characteristic changes in the blood vessels may be associated with the specific effects of thyroid hormones on angiogenesis.
In addition to the gene expression inhibition, one more interesting property of siRNA is the ability to trigger independently an immune response -to activate alpha-and beta-interferons, cytokines and other mediators of inflammation [16] .
So, besides the ability to suppress the expression of genes which trigger tumor development, siRNA can also directly activate the expression of SOCS1 gene and induce antitumor immune response. This property provides siRNA a great potential to be used in genetic therapy of cancer.
Conclusions. After inoculation of Guerin's carcinoma to female-rats with simulated hypo-and hyperthyroidal states the proliferation of tumor cells is more active in the group of animals with experimental hypothyroidism.
The siRNA trasfection leads to the inhibition of tumor growth in animals with both hypo-and hyperthyroidism, but this process is more active at hypothyroidism.
The prospects for further research are associated with assessment of a possibility to use siRNA transfection for control and activation of apoptosis in an experimental model of tumorogenesis. 
